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Computational Toxicology!
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IS response ~ receptor occupancy?

Do the multiple binding equilibria affect
dosimetry? Under what conditions?

 Does protein binding affect clearance and
potency?



Serum Protein Binding Restricts Availability

Estrogen Receptor (ER) Bound as a Function of Estradiol Concentration
in the Presence and Absence of Male Human Serum
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Adapted from: Teeguarden, J. G., and Barton, H. A. (2004). Risk Anal 24, 751-70.







Estradiol Pharmacokinetics
and Receptor Binding Model



) Systemic Plasma Qc
Comparitment
ﬂ-l
Meisballsm
«————— E2 <
--------------- {1 T S Qs
Ele
Poorly Perfused Tissue
. Richly Perfused QR
Tissue N
QP
— g
............... [ LT S ———
B,
Plultary
Qu
«———— E2 «
............... | f e -
E2, .
Uterus
QG
g Ovarles/Testes o
QL
a
.............. .H PAL -eceneee-
o Tract EZ, - = —» Metabolism
{oral dosing) —> / \
E2Pr E2-ER
Lhvar

Arterial

Input

Liver Plasma

_____._!._rH{Ezfree +SHBG < CI:; ) ——»
P E2,.. (CA >

TIMNE2,, + Albumin > C, )

PAL (Diffusion Rate)
Ezr’re-e
Liwer Tissue

LY

CVL

Hepatic Extraction Model

Venous

Qutput




Arterial } CA

Isolated perfused liver model

il

Liver Plasma
Bl - SHBG Gy —>
= VL
P E2, - (CA) >

Input J aL

o

o
E'\'?'[Ezfree + Albumin ¢» C ) —3»

PAL (Diffusion Rate)

free

Liver Tissue

Venous
Qutput

10



4% Albumin

Human Pregnancy
Serum

Hepatic Extraction (%)

0 20

100

Observed
Modeled (13% Free)

Modeled (40% Free)

Observed
Modeled (0.5% Free)

Modeled (11% Free)

11



-
o

® Plasma B Uterus W Liver

o Concentration (nM)

b.....

A. Loading dose + 6 ng/hr infusion B. Loading dose + 65 ng/hr infusion
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e |V E2 pharmacokinetics in intact female rats. o,
plasma; m, uterus;V, liver. Dotted line: Diffusion
limited uterine uptake 12




1000

. 1000
= Plasma Uterus
£ 100
| =
Lo/
el
g 10
@
8 1
| -
o
O 01 "
o
L
0-01 ] ] 1 1 1 1 1 1 ] L ]
0 1 2 3 4 5 0 1 2

IV E2 pharmacokinetics in OVX female rats. 2.5 (closed
circles) and 25 (open circles) ug E2/kg. Dotted line:
purfusion limited uterine uptake.
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E2 Concentration (nM)
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IV E2 pharmacokinetics in male rats.
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E2 Concentration (nM)
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" Slower Elimination
Or
Eterohepatic Recirculation?
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Uterine ER Occupancy (%)
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e Subcutaneous E2, intact rats (Naciff et al, 2003)
e Uterine response

- 0.1 pyg/kg/day—100% of control
- 1 ug/kg/day—380% of control
- 10 pg/kg/day—430% of control
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Plasma E2 (nM)
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Oral Adminstration of 20 pg Estradiol
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Bisphenol A
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BPA Plasma Concentration (UM)
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Correlating Uterine Receptor Dose Metrics And Uterine Response

Oral Dose Percent Percent Uterine Weight
(mg'kg) Occupancy Occupancy (% contrel)”

Without Binding With Binding
0 0 0 100
10 9.6 0.63 100
100 731 14.0 100
200 848 252 124
800 96.4 62 200

ER-BPA ER-BPA

Complex AUC Complex AUC

Without Binding  With Binding
0 0 0 100
10 0.025 0.002 100
100 0.19 0.04 100
200 0.23 0.07 124
800 0.26 0.17 200

a Twomey, 1998
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Conclusions

 Protein binding can influence the biologically
active fraction of a chemical in blood or atissue

— Critical for many pharmaceuticals

— Affect cross species, sex and life-stage
extrapolations

« Modeling at the PK/PD interface reveals important
dose response relationships—at lease for BPA—
so they are impactful

 Models like these are reasonably easy to develop
and parameterize.
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Oral Adminstration of 20 pg Estradiol
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Potency Relative to E2

In Vitro In Vivo
Compound Serum Free  Adult Rat Serum Adult Rat
Estradiol 1 1 1
Genistein 0.02 0.16 0.32
Bisphenol A 0.0005 0.0009 0.002
Weak Agonist — Slow clearance 0.0005 0.0009 0.02
Weak Agonist — Fast clearance 0.0005 0.0009 0.0002

Adapted from: Teeguarden, J. G., and Barton, H. A. (2004). Risk Anal 24, 751-70.
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Simple Examples of the Importance
of Binding and Clearance on Measures of Potency
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e Estradiol

— ~ 2% non-bound (free) in human blood

— Significant binding to SHBG and albumin

— ~ 4% free in rat blood, less during pregnancy

— Significant binding to a-fetoprotein and albumin
« BPA

— ~ 7 % free in human blood (mostly aloumin

binding)
— ~ 6% free in rat blood (mostly albumin binding)

Mendel, C.M. (1992) The Free Hormone Hypothesis: Distinction from the Free Hormone Transport Hypothesis. Journal

of Andrology. 13(2): 107-116 30



31



Plasma / Response Tissue \
(Total and Free) (Uterus)

______ . Qrr CPeac -
| : Lo
I § ! CVRTeac ! § I .
P | ! ' EAC 2 EAC:ER
: | ! i + /
L L R
______ 1 _——— - +
E2 VE‘ E2:ER
BP1:E2 Ks E2 Ks  Bp2:E2
A + + 7 K /
BP1 BP2
+ +
BP1:EAC N EAC \BPZ:EAC
K, Ke




Mendel, C.M. (1992) The Free Hormone Hypothesis: Distinction from the Free Hormone Transport Hypothesis.

Journal of Andrology. 13(2): 107-116 33



